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SHIFT WORK AND CARDIOVASCULAR EVENTS - A REANALYSIS OF A 
SYSTEMATIC REVIEW. 
Cardiovascular disease is the number one cause of death globally. The World health 
organization estimates that the death toll due to heart  disease and stroke will be 23.3 
million in 2030 (Mathers 2006). Estimated risk age of cardiovascular disease occurrence 
range from 25 years and above (WHO-NCD 2011). With increased surge in technology 
and modernization there has been increased need for a 24 hour working schedule to 
maintain, enhance productivity and efficiency in service delivery.  Presently, occupational 
factors such as shift work have been associated to be a risk to cardiovascular disease. 
A work schedule done by any person that includes hours beyond daytime is called a shift 
worker. While a work schedule which frequently includes working hours of 2200 and 0600 
are regarded as night work and the person in such activity is a night worker (Knutsson 
1999). Shift work includes work done aside the regular working hours 0900-1700 (William 
2008). International Labor Organization (ILO) defines shift work as a working time for 
workers in which they are made to succeed or relief one another at their place of work. 
This thesis is aimed to reanalyze the published shift work and cardiovascular event by 
Vyas 2012, by establishing the causal link between exposure to shift work and 
cardiovascular event through our formulated hypotheses. There are various conclusions 
concerning cardiovascular event in shift workers due to disagreement in the validity of 
studies used. We explored the various types of shift work, changes in shift schedule, 
intensity, and duration of exposure and cumulative effects of these types of exposure in 
shift workers.  
We used 33 studies comprising of 2,010,729 participants that were identified. The term 
‘exposure’ of participants to shift work was defined and hypotheses were formulated. 
Participants were analyzed based on their exposure to shift work in the various formulated 
hypotheses. A meta-analysis of all formulated hypotheses was done using Review manager 
5.2. 
The risk of shift work was noticed to start in less than 10 years of exposure categories. It 
was at its peak in 10-20 years of exposure (RR 1.22 (95% CI 1.08-1.37)). We found that 
rotating shift RR 1.24 (95% CI 1.21-1.27). Permanent night shift RR 1.08 (95% CI 0.98-
1.26).  
The duration of shift work is a risk factor to cardiovascular event. As intensity in 
hour/week of exposure to shift work increases it poses a risk to cardiovascular event. The 
transiting of a day worker to shift work does not pose a risk to cardiovascular event. 
Rotating shift is a risk to cardiovascular event. Permanent night shift is a possible risk to 
cardiovascular event.  
Abbreviation 
AMI – Acute Myocardial Infarction 
BMI – Body Mass Index 
CHD – Coronary Heart Disease 
CI – Confidence interval 
ICD – International Classification of Diseases 
IHD – Ischemic Heart Disease  
ILO – International Labor Organization 
MI – Myocardial Infarction 
NCD – Non Communicable Disease 
NCHS – National Centre for Health Statistics 
QT – Q wave and T wave of the heart electrical circle 
Revman – Review Manager 
RR – Risk ratio 
WHO – World Health Organization 
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1.  INTRODUCTION  
Cardiovascular disease is a group of disorders of the heart and blood vessels which maybe 
expressed as coronary heart disease, cerebrovascular disease (stroke), elevated blood 
pressure (hypertension), rheumatic heart disease, peripheral artery disease, ischemic heart 
disease, myocardial infarction, congenital heart disease, heart failure and eventually leads 
to death (WHO 2013). Cardiovascular disease is the number one cause of death globally. 
Globally, deaths due to cardiovascular disease have been attributed to be almost 2% from 
rheumatic heart disease, 42% from ischemic heart disease, and 34% from cerebrovascular 
disease (WHO 2011). 
In United States the highest cause of mortality or death rate were heart disease 597 689 and 
stroke (cerebrovascular diseases) 129 476 in final 2010 and preliminary 2011 data (Hoyert 
2012). Canada is a high income country with a population of 34 016 593, cardiovascular 
disease is responsible for 33% of death in 2010 (WHO-NCD 2011). Finland is a high 
income country with a population of 5 364 546 has cardiovascular disease been responsible 
for 41% of death in 2010 (WHO-NCD 2011). Croatia is a high income country with a 
population of 4 403 330, cardiovascular disease is responsible for 50% of death in 2010 
(WHO-NCD 2011). Czech Republic a high income country with a population of 10 492 
960 has cardiovascular disease been responsible for 50% of death in 2010 (WHO-NCD 
2011). Denmark is a high income country with a population of 5 520 142, has 
cardiovascular disease death toll of 31% in 2010 (WHO-NCD 2011). United Kingdom is a 
high income country with a population of 62 035 570 has cardiovascular disease rate of 
34% in 2010 (WHO-NCD 2011). 
Cardiovascular events ICD classifications are as follows: - Coronary heart disease (CHD) 
has (ICD-10 codes I20-I25). In this category acute myocardial infarction (I21-I22), acute 
Ischemic (coronary) heart disease (I24), angina pectoris (I20), atherosclerotic 
cardiovascular disease (I24.0) and all other forms of chronic ischemic CHD (I25.1-I25.9) 
are included. Further classification includes heart failure (I50), pulmonary heart disease 
and disease of pulmonary circulation (I26-I28), acute and chronic rheumatic heart disease 
(I00-I09), hypertensive heart disease and hypertensive pulmonary circulation (I26-I28). 
The other forms of heart disease have ICD classification of (I29-I49, I50.1-I51). The 
National centers for health statistic (NCHS) use this method of classification in compiling 
the leading cause of death. 
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The World health organization estimates that the death toll due to heart  disease and stroke 
will be 23.3 million in 2030 (Mathers 2006). Most cardiovascular incidence is found in 
80% of low and middle income earners occurring equally in men and women (WHO 
2011). Estimated risk age of cardiovascular disease occurrence range from 25 years and 
above (WHO-NCD 2011). Some notable risk factors of cardiovascular disease are tobacco 
use, physical inactivity, high cholesterol, diabetes, obesity, unhealthy diet and harmful use 
of alcohol. Most cardiovascular risk factors are preventable or modifiable through changes 
in lifestyle (Groenevald 2008). With increased surge in technology and modernization 
there has been increased need for a 24 hour working schedule to maintain, enhance 
productivity and efficiency in service delivery. Presently, cardiovascular disease has been 
associated to occupational factors as a risk. Amongst them is shift work. 
A work schedule done by any person that includes hours beyond daytime is called a shift 
worker. While a work schedule which frequently includes working hours of 2200 and 0600 
are regarded as night work and the person in such activity is a night worker (Knutsson 
1999). Shift work includes work done aside the regular working hours 0900-1700 (William 
2008). Shift work would therefore be all working hours done within the 1800 and 0800 that 
involves the relief of the previous worker on duty by another. Any work schedule that 
involves night and rotating shift are regarded as shift work. International Labor 
Organization (ILO) defines shift work as a working time for workers in which they are 
made to succeed or relief one another at their place of work. This encourages the 
companies to cover longer hours of work than each individual worker in their various 
shifts. There are two forms of shift work which are namely fixed and rotating shift. Fixed 
shift involves the shift worker or employees been in a permanent working schedule which 
could be morning, afternoon or late afternoon and early evening and late evening 
schedules. Rotating shift involves the shift worker or employees been in a working 
schedule which is rotated round the clock according to the company’s demand which could 
be morning, afternoon or late afternoon and early evening and late evening schedule. These 
schedules could be two, three or four schedules in a day. This fixed or rotational schedule 
is performed to cover a 24 hour working duty (ILO 2004).  
Shift activities or occupations can be found in various industries for example milling, 
pharmaceutical, fertilizers, newspaper, broadcasting, healthcare systems, security 
organizations, blue and white collar jobs. Twenty-two per cent of the workers in the 
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European Union worked in some type of a shift system in 2000. In 2000 there was about 
one quarter of shift workers as employee in Chile (ILO 2004).  
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2 LITERAURE REVIEW 
2.1 Shiftwork and cardiovascular disease 
Shift work has notably been known to cause disruption within the circadian rhythm, sleep 
and imbalance in work life but to what extent is this change and creation of a flexible work 
pattern to ensure diversification of industrious economy becomes a necessity (Hale 1971). 
Circadian rhythm is the series of physiology and behavior changes the body undergoes 
during rest/activity and fast/ feeding that is influenced by the light reception during the day 
of the 24 hour circadian cycle (Morris 2012). The stress resulting from shift work disrupts 
the physiological rhythms which cause a slow change in the body wake and sleep circle, 
this induces strain on the shift worker that potentially affects his working efficiency, 
physical and psychological wellbeing, family life and social life. This influence can be 
acting separately or in combination to influence the magnitude of effects in the individual 
(Colquhoun & Rutenfranz 1980). Morris et al. 2012 provides detailed biological progress 
of changes in circadian rhythm due to the change in light reception, sleep-wake release of 
body chemicals to modulate the body on its ready to do activity. The release and 
suppression of the various chemical compounds has been speculated to be the main cause 
of death relating to the peak time of occurrence of death recorded by the study. This 
invariably suggests that shift work effect is basically due to the alteration in time of the 
release and suppression of chemicals responsible for maintenance of the body circadian 
rhythm. (See figure 1). But cardiovascular disease association to shiftwork has been 
questioned due to varying methods, population, definition of shift work and vascular or 
coronary events (Wang 2011). This has called for concerns by researchers to establish the 
link and help in ensuring facts about it, so that policies to reduce shift work induced 
cardiovascular events will be implemented.  
 
12 
 
 
 
 
2.2 Claims and refute in various articles 
Notably it was observed that studies have been done that did not find shift work to be 
detrimental to health of the shift worker, for example: Boggild 1999, McNamee 1996, 
Hermannsson 2007, Yadgarfar 2008, Taylor 1972, Koller 1983, Turami 1997, and Hublin 
2010. While some studies claims it is deteriorating to health, for example: Haupt 2008, 
Kawachi 1995, Karlsson 2005, Virkkunen 2006, Ellingsen 2007, Akerstedt 2004, Virtanen 
2002, Knutsson 1986, Fujino 2006, Brown 2009, Biggi 2008, and Tuchen 2006. And a 
study was indecisive about the effect after controlling for various factors that could be an 
influence to the study result. (See table 1).   
 
2.3 Systematic review 
Recently, systematic reviews have been giving information’s on the relationship between 
shift work and cardiovascular disease. Various articles have mentioned that the exposure to 
shift work has its effect on the shift worker when its duration of exposure exceeds 5 years. 
Some argue that the effect is more in the first three years of exposure. It was also observed 
that rotation in various forms of shift schedules has been the cause of unhealthy factor to 
the shift worker but others say this was not observed in their research work. Other articles 
mentioned that the longer the hours spent on or frequency of doing shift work is a causal 
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factor to the health of the shift worker. In further research shift work was found to be 
unhealthy for the shift worker but other researches did not agree so. Some articles has also 
mentioned that the rate of hospitalization due to occupation and sick leave  from work 
obtained was more for shift workers due to their working pattern (Alfredsson 1985) but 
same was not observed when Taylor 1972 carried out its research on the absenteeism of 
shift and day workers cases. Further examples were the epidemiological evidence of a 
causal relation between shift work and ischemic heart disease by Frost 2009 who examined 
the exposure in years in shift work to fatal, non-fatal incidence and combination of fatal 
with nonfatal incidence outcomes. And the relationship of work and its risk to 
cardiovascular disease was examined by Hwang 2012.  
 
2.4 Hypothesis and exposure-remodeling 
There are a couple of Systematic Reviews but none properly models the exposure 
according to the various hypotheses. The most recent systematic review study of Vyas 
2012 was able to focus on cardiovascular events (coronary disease, coronary events and 
mortality, ischemic stroke, myocardial infarction, cerebrovascular and all cardiovascular 
mortality); a complete identification of relevant studies using quantitative synthesis 
through conventional meta-analytical techniques and the use of validated tool to assess the 
quality of all included studies was done. It was able to provide in-depth analysis of 
methodological strong studies, adjusting for socioeconomic status effects, comparing of 
association of risk to different types of vascular events as well the different shift work 
schedules.  
But the problem in the study is lack of clear hypotheses and exposure modeling of the 
participants in the review. 
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3 OBJECTIVE 
We are going to formulate proper hypotheses and to look at the definition of exposure to 
shift work and its association to cardiovascular events based on the extent of exposure of 
the shift worker to shift work. Exposure can be the amount experienced, length of contact 
in hours, days, weeks, months, and years doing the various forms of shiftwork performed 
within that period. This can also be known to be the ‘dose’ of shift work exposure of the 
shift worker. The outcome of each exposure to the shift worker can be known to be 
‘response’ of the shift worker to the exposure of the shift work. And then reanalyze 
systematic review of Vyas 2012 with the formulated hypothesis. 
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4 METHODS 
4.1 Methods for finding hypotheses 
We used other systematic reviews of cardiovascular disease and shift work studies to find 
plausible hypotheses. We formulated the possible hypothesis in PECO-terms so that it was 
clear what kind of studies would be needed to refute the hypothesis. The P stands for the 
type of participants, the E for the type of exposure, the C for the non-exposed control 
group and the O for the outcome of interest. We especially formulated hypotheses about 
the type of shift work exposure and how this should be modeled.  
 
4.2 Methods of analysis 
We used Vyas review to locate studies that could answer these hypotheses. We formulated 
PECOs according to the hypotheses generated above and combined studies according to 
these hypotheses. We use cardiovascular disease and shift work studies to identify studies 
which are clearly defining the dose or exposure amount to shift work and the outcome or 
response to be cardiovascular disease. We analyzed 34 articles but excluded one article on 
lack of data set for our formulated hypotheses. We assigned a dose to the various exposure 
categories based on the midpoint of the exposure category in each individual study. We 
then used these data for a dose-response meta-analysis in Review Manager to calculate an 
incremental risk ratio and 95% confidence intervals per exposure category. We categorized 
our exposures into less than 10 years, 10-20 years, and 20-30 years and above 30 years of 
exposure; less intensive, moderately intensive and highly intensive; rotating shift and 
permanent shift (night or evening). We combined studies with similar exposures and 
outcomes in the same category, we combined risk ratio and determined 95% confidence 
intervals and forest plots with Revman 5.2. Our categorized hypotheses based on disease 
outcome were done based on years of exposure (duration) to shift work. When more than 
one similar outcome was reported separately we took the one that best fit our hypothesis. 
For example if both coronary heart disease and ischemic heart disease were reported we 
took only ischemic heart disease. When more than one job title was specified we combined 
to best explain our hypothesis. For example if blue collar and white collar jobs were 
reported. When male and female outcomes were reported in the same type of shift we 
combined to best explain our hypothesis. We also categorized all prolonged working hours 
and lengthen working hours as >40 hours per week.  
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5 RESULTS 
To ascertain the relation of shift work to cardiovascular events a systematic review is 
needed. In Systematic reviews the dose of exposure duration during shift work, dose of 
exposure in frequency of shift work done and dose of exposure during shift changes of the 
participants within a time frame and in the same working environment doing shift work 
should be clearly stated. Therefore, we formulated possible hypotheses that would explain 
the relation between shift work and cardiovascular events. We also need to consider the 
fact that there might be more hypotheses involved. In addition, we re-analyzed the most 
recent Systematic Review according to the hypotheses and taking into account a dose-
response relationship between shift work and cardiovascular event. We also noted that the 
extent of exposure of shift work in the participant and its various forms are considered to 
be associated to cardiovascular events. Four hypotheses of exposure of participants are 
shown diagrammatically and how it might cause cardiovascular event in Fig. 2. This will 
show us the dose of exposure the participants received in order to have cardiovascular 
disease. 
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5.1 Hypothesis 
a. The dose in duration of exposure to shift work is associated with cardiovascular 
events. 
The duration of exposure is the years of experience a shift worker must have been 
involved over a period of time. There has been an observed changes in 
release/suppression of the sleep-awake hormones causing changes in the diurnal 
rhythm, prolongation of QT intervals which corrected with the heart rate (Murata 2005) 
of those involved in frequency, changes in shift schedule, the intensity at which they 
perform shiftwork, the transition of a non-shift worker into shift work and the extent of 
duration they perform shift work. The longer exposure to shift work has been predicted 
to be a cause of onset in hypertension in men >30 years of age while for women it is 
<30 years old. Thirteen articles mentioned and gave data’s on the duration of exposure 
of shift work while twenty-one articles did not mention or gave data’s on the duration 
of exposure of shift work. 
b. The dose in rate or intensity of exposure to shift work is associated with 
cardiovascular events.  
The intensity of exposure is the hour per week a shift worker must have been involved 
in over a period of time. A prospective study by Buell et al. 1960 in US showed that 
standardized mortality ratio of coronary heart disease was highest in the workers that 
do 60 hours or more. And case controlled studies done in Scandinavia regions of 
Denmark by Netterstrom et al. 1999, Sweden
 
by Theorell et al. 1972 and Netherland by 
Falger et al. 1992, reported an increased risk of AMI in workers doing prolonged 
working time. The diagnoses of AMI were based on electrocardiogram, enzyme change 
and ischemic cardiac pain lasting at least 30 minutes. Seven  articles mentioned and 
gave data’s on the intensity of exposure to shift work while twenty-seven articles did 
not mention or give data on the intensity of exposure in shift work. 
c. The cumulative dose integrating changes in shift schedule and duration is 
associated to cardiovascular events. 
The cumulative dose integrating changes in shift schedule and duration is the exposure 
in years in which the shift worker has done shift rotation or has done different types of 
shift. A study by Steenland 1996 identified the effect of changes in shift schedule after 
18 
 
 
a period or duration of shift work to day work has some form of protective factor on 
the shift worker initially and fades off after 5 years. One article mentioned and gave 
data on the changes in shift schedule and duration of exposure while thirty-three 
articles did not do so. 
d. The dose of exposure to changes in shift work schedule is associated with 
cardiovascular events. 
The dose of exposure to changes in shift work schedule is the frequency at which the 
shift worker moves to other shifts or does rotating type of shift work. Some 
longitudinal studies for example Ohira et al. 2000 and Swazono et al. 2008 were able to 
show that there is an increased risk of elevated blood pressure amongst those doing 
rotating shift. Seventeen articles mentioned and gave data on the dose rate of exposure 
to changes in shift work schedule while seventeen articles did not do so. 
e. The dose of exposure of non- shift worker or day worker transiting into shift 
work schedule is associated to cardiovascular events. 
The dose of exposure of non- shift worker or day worker transiting into shift work is 
the exposure in shift work within the first ten years as performed by the non-shift 
worker or day worker who changes to shift work schedule within the same working 
environment over the duration of a period. A study by Morikwa 1999 showed that there 
is higher risk of increased blood pressure for young shift worker and high for the older 
shift workers whom are transiting to day work during the follow up. Two articles 
mentioned and gave data on the dose of exposure of non-shift worker or day worker 
transiting into shift work schedule while thirty-two articles did not do so. 
f. The cumulative dose integrating duration and intensity of exposure to shift work 
is associated to cardiovascular events. 
The cumulative dose integrating duration and intensity of exposure to shift work is the 
exposure in years of the shift worker doing shift work in hours per week. None of the 
articles mentioned or gave data integrating both duration and intensity. 
g. The cumulative dose integrating changes in shift schedule, duration and intensity 
is associated to cardiovascular event. 
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The cumulative dose integrating changes in shift schedule, duration and intensity is the 
exposure in years in which the shift worker who performs various shift types or shift 
rotation spent in hours per week. None of the articles mentioned or gave data 
integrating changes in shift schedule and intensity.  
h. The cumulative dose integrating changes in shift schedule, duration and 
transition into shift work is associated to cardiovascular event. 
The cumulative dose integrating changes in shift schedule, duration and transition into 
shift work is the exposure in shift work within the first ten years as performed by the 
non-shift worker or day worker who changes to shift work schedule within same 
working environment over the duration of a period. A study by Steenland 1996 
identified the effect of changes and transition into shift schedule after a period or 
duration of day work has some form of risk on the shift worker initially and starts 
fading off after 10 years. Two articles mentioned and gave data on the dose of exposure 
of non-shift worker or day worker transiting into shift work schedule while thirty-two 
articles did not do so. 
Further hypothesis based on disease outcome or conditions are: 
i. The dose of exposure of shift work is associated to stroke. 
The dose of exposure is the amount experienced or length of contact in years of doing 
the various forms of shiftwork performed within that period. A study by Brown 2009 
involving registered female nurses in Nurses’ Health study showed the increased risk 
of ischemic stroke on female Caucasian nurses doing rotating night shift work with 
longer durations (≥15 years). Three articles mentioned and gave data on the dose of 
exposure of shift works’ association to stroke while thirty-one articles did not do so. 
j. The dose of exposure to shift work is associated to coronary heart disease, 
ischemic heart disease, myocardial infarction and mortality. 
A study by Haupt 2008 was able to show that there is an association of shift work to 
myocardial infarction depending on the duration of exposure and the age of the shift 
worker. A study by Karlsson 2005 showed an association between increased mortality 
from coronary heart disease (CHD) amongst shift workers who had been exposed to 
shift work over a long duration. Six  articles mentioned and gave data on the dose of 
exposure of shift works’ association to coronary heart disease and mortality, ischemic 
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heart disease and mortality and myocardial infarction while twenty-eight articles did 
not do so. 
k. The dose of exposure to shift work is associated to cardiovascular disease, 
cerebrovascular disease and mortality. 
A study by Kawachi 1995 identified an increased risk to cardiovascular mortality in 
women exposed to shift work over 6 year’s period. Three article mentioned and gave 
data on the dose of exposure of shift works’ association to cardiovascular disease, 
cerebrovascular disease and mortality while thirty-one articles did not do so. 
l. The dose of exposure to shift work is associated to all-cause mortality. 
A study by Koller 1983 identified shift work as a risk factor to mortality in permanent 
shift workers and more so in the drop outs of his study. One article mentioned and gave 
data on the dose of exposure of shift works’ association to all-cause mortality while 
thirty-three articles did not do so. 
 
 
21 
 
 
 5.2 Characteristics of included articles 
a) We are going to measure the duration of exposure in years if associated with 
cardiovascular events. An article which states the years of work service and all 
participants that are within same working environment are grouped similarly will 
be included. 
b) The intensity of exposure in hour per week or year if associated with cardiovascular 
events will be measured. We are including articles which state the rate at which the 
shift worker performs this work in a specified length of time and all participants 
that are within same working environment are grouped similarly. 
c) The changes in shift schedule exposure if associated with cardiovascular events 
will be measured. Articles which describe the shift type or the rotation of shifts 
movement of the shift worker from one type of shift pattern to another which are 
grouped similarly will be included. 
d) The dose of exposure of non-shift worker or day worker transiting into shift work 
schedule if associated to cardiovascular events will be measured. We are including 
articles that identify or describe the movement of the non-shift worker into a shift 
pattern all participants that are within same working environment are grouped 
similarly. 
e) We are going to measure the cumulative dose integrating duration and intensity of 
exposure to shift work if associated to cardiovascular events. An article that 
describe or identify the year and hours spent doing shift work will be included. 
f) An article which identify or measure the occurrence of coronary heart 
disease/ischemic heart disease/myocardial infarction/mortality as an outcome, 
stroke as an outcome, cardiovascular/cerebrovascular/mortality as an outcome, and 
all-cause mortality as an outcome respectively will be included.  
Hypothesis A 
The dose in duration of exposure to shift work is associated with cardiovascular events. 
Participants 172 973 which were of male and female shift workers and day workers. 
Exposure type were those who had spent at least 1year to ≥ 30years doing shift work. 
Control or non- exposed were those who had never done shift work or in permanent day 
work. 
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Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, smoking, sex, social economic status, alcohol, high blood 
pressure, BMI, serum cholesterol level, marital status, education, professional status/work 
status, income, worksite, duration of exposure, race, calendar year/period, height, systolic 
BP, diastolic BP, duration of employment, year of starting work, food frequency score, 
diabetes, physical activity, sleep duration, menopausal status, fruit and vegetable intake, 
aspirin use, snoring, hormone replacement, atrial fibrillation, family history, employment 
status, living without a partner, noise sensitivity, husband education, fifths of vitamin E 
and hypercholesterolemia. 
Study designs found were prospective cohort, retrospective cohort and nested case control 
studies. 
See figure 4. 
Hypothesis B 
The dose in frequency or intensity of exposure to shift work is associated with 
cardiovascular events.  
Participants 5471 which were of male and female shift workers and day workers. 
Exposure type were those who had spent at least >5hours to ≥61hours doing shift work. 
Control or non-exposed were those who had never done shift work or in permanent day 
work. 
Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, smoking, sex, social economic status, alcohol, high blood 
pressure, BMI, cholesterol level, job status/work status, systolic BP, diastolic BP, year of 
starting work, diabetes, hypertension, family history, residence, hospital, noise sensitivity, 
living without a partner, education, height and employment status. 
Studies design found were nested case control studies. 
See figure 5. 
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Hypothesis C 
The cumulative dose integrating changes in shift schedule and duration is associated to 
cardiovascular events. 
Participants 163 which were male of and female shift workers and day workers. 
Exposure types were those who had done rotating, fixed night, mixed rotation and irregular 
working hours of shift work over a period of at least a year. 
Control or non-exposed were those who had never done shift work or in permanent day 
work. 
Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, race and worksite.  
Studies designs found were nested case control studies. 
See figure 6. 
Hypothesis D  
The dose of exposure to changes in shift work schedule is associated with cardiovascular 
events. 
Participants 599 826 which were of male and female shift workers and day workers. 
Exposure types were those who had done rotating, fixed night, mixed rotation and irregular 
working hours of shift work over a period of at least a year. 
Control or non-exposed were those who had never done shift work or in permanent day 
work. 
Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, smoking, sex, social economic status, alcohol, high blood 
pressure, BMI, cholesterol level, work status/professional status, education, stress, hours of 
walking, hours of exercise, survey, survey date, family history, menopause, fifth of 
Vitamin E, husband education, aspirin use, post oral contraceptive use, exhaustion, 
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diabetes, chronic disease, hypercholesterolemia, serum triglycerides, hypertension, 
physical strenuous work/physical activity at work/job strain, county/residence/locale, 
hospital site, duration of employment, marital status, income, job exposure variables, sleep, 
height, fitness and leisure time activity. 
Studies designs found were prospective cohort, retrospective cohort and nested case 
control studies.  
See figure 7. 
Hypothesis E 
The dose of exposure of non-shift worker or day worker transiting into shift work schedule 
is associated to cardiovascular events.  
Participants 1860 which were of male and female day workers whom transit into been a 
shift worker. 
Exposure types were those who were initially day worker and subsequently transited into 
shift schedule either night or evening or afternoon shift and had spent at least a year doing 
so.  
Control or non-exposed were those who are not doing shift work or had never done shift 
work or in permanent day work. 
Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, smoking,  systolic blood pressure, alcohol, diastolic  blood 
pressure, BMI, cholesterol level, height, job status, year of starting work, duration of 
employment and height. 
Studies design found were retrospective cohort studies and nested case control studies. 
See figure 8. 
Hypothesis F 
The cumulative dose of integrating duration and intensity of exposure to shift work is 
associated to cardiovascular events.   
There were no participants’  
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No exposure of participants found. 
No data were found for this hypothesis.  
Hypothesis G 
The cumulative dose integrating changes in shift schedule, duration and intensity is 
associated to cardiovascular event.   
There were no participants.  
No exposure of participants found. 
No data were found for this hypothesis. 
Hypothesis H 
The cumulative dose integrating changes in shift schedule, duration and transition from 
non-shift schedule is associated to cardiovascular events.  
Participant 299 which were of male and female day workers whom transit into been a shift 
worker. 
Exposure types were those who were initially day worker and subsequently transited into 
shift schedule either night or evening or afternoon shift and had spent at least a year doing 
so.  
Control or non-exposed were those who are not doing shift work or had never done shift 
work or in permanent day work. 
Outcomes were cardiovascular event (hypertension, myocardial infarction, cerebrovascular 
disease, ischemic heart disease and coronary heart disease). 
Confounding factors were age, smoking,  systolic blood pressure, alcohol, diastolic  blood 
pressure, BMI, cholesterol level, height, job status, year of starting work, duration of 
employment and height. 
Studies design found were retrospective cohort studies and nested case control studies. 
See figure 9. 
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Hypothesis I 
The dose of exposure of shift work is associated to stroke.  
Participants 86 157 which were of male and female shift workers and day workers.  
Exposure types were those who had amount or length of experience in the various forms of 
shift work either in hours, days, weeks, and years.  
Control or non-exposed were those who are not doing shift work or had never done shift 
work or in permanent day work. 
Outcome was stroke. 
Confounding factors were age, smoking,   questionnaire cycle, physical activity, alcohol, 
fruit and vegetable intake, diabetes, aspirin use, serum cholesterol/cholesterol level, 
hormone replacement, sleep duration, snoring, coronary disease, husbands education, 
menopausal status, atrial fibrillation, BMI, job strain, education, duration of employment, 
blood pressure, serum triglycerides, sex, survey, survey date and locale. 
Studies design found were retrospective cohort studies, prospective cohort studies and 
nested case control studies. 
See figure 10. 
Hypothesis J 
The dose of exposure to shift work is associated to coronary heart disease, ischemic heart 
disease, myocardial infarction and mortality.  
Participants 658 592 were of male and female shift workers and day workers.  
Exposure types were those who had amount or length of experience in the various forms of 
shift work either in hours, days, weeks, and years.  
Control or non-exposed were those who are general population or had never done shift 
work or had been in permanent day work. 
Outcomes were coronary heart disease, ischemic heart disease, myocardial infarction and 
cardiovascular event mortality. 
27 
 
 
Confounding factors were age, smoking, sex, social economic status, alcohol, high blood 
pressure, BMI, serum cholesterol level, marital status, education, professional status/work 
status, income, worksite, duration of exposure, race, calendar year/period, height, systolic 
BP, diastolic BP, duration of employment, year of starting work, food frequency score, 
diabetes, physical activity, sleep duration, menopausal status, fruit and vegetable intake, 
aspirin use, snoring, hormone replacement, atrial fibrillation, family history, employment 
status, living without a partner, noise sensitivity, husband education, fifths of vitamin E 
and hypercholesterolemia. 
Studies design found were retrospective cohort studies and nested case control studies. 
See figure 11. 
Hypothesis K 
The dose of exposure to shift work is associated to cardiovascular disease, cerebrovascular 
disease and mortality.  
Participants 433 775 were of male and female shift workers and day workers.  
Exposure types were those who had amount or length of experienced in the various forms 
of shift work either in hours, days, weeks, and years.  
Control or non-exposed were those who are general population or had never done shift 
work or had been in permanent day work. 
Outcomes were cardiovascular disease, cerebrovascular disease and mortality. 
Confounding factors were age, smoking,  systolic blood pressure, alcohol, diastolic  blood 
pressure, BMI, cholesterol level, height, job status, year of starting work, duration of 
employment and height. 
Studies design found were retrospective cohort studies, prospective cohort studies and 
nested case control studies. 
See figure 12. 
Hypothesis L 
The dose of exposure to shift work is associated to all-cause mortality.  
Participants 51 613 were of male and female shift workers and day workers.  
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Exposure types were those who had amount or length of experienced in the various forms 
of shift work either in hours, days, weeks, and years.  
Control or non-exposed were those who are general population or had never done shift 
work or had been in permanent day work. 
Outcomes were all-cause mortality (cancer, diabetes, accidents and cardiovascular events) 
due to shift work. 
Confounding factors were age, smoking/tobacco, systolic blood pressure, alcohol, 
education, job type, perceived stress, hours of exercise, past medical history, hours of 
walking, chronic disease, stress, physically strenuous work, calendar year, social class, 
sleep, weight, fitness,   duration of employment and height. 
Studies design found were retrospective cohort studies, prospective cohort studies and 
nested case control studies. 
See figure 13.  
 
5.3 Analysis of hypotheses  
 
5.3.1 Hypothesis A: Dose in duration of exposure to shift work is associated to 
cardiovascular event 
In figure 4, we had RR 1.06 (95% CI 1.00-1.11) in shift worker exposed to less than 10 
years of shift work showing a risk to cardiovascular event. We had RR 1.22 (95% CI 1.08-
1.37) in shift worker exposed for 10-20 years which shows that there is risk to 
cardiovascular event.  ≥ 30 years of exposure RR 1.21 (95% CI 0.90-1.63) shows a 
possible risk to cardiovascular event to the shift worker.  The overall RR 1.08 (95% CI 
1.03-1.13) for total exposures shows a risk to cardiovascular event in shift workers. 
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Figure 4: Forest plot of shift duration in years and any cardiovascular event 
 
5.3.2 Hypothesis B: Dose in frequency or intensity of exposure to shift work is 
associated to cardiovascular event. 
In figure 5, we had RR 0.95 (95% CI 0.88-1.01) in shift worker exposed to >40 hours of 
shift work per week which shows no risk to the shift worker’s health and overall exposure 
to be RR 0.99 (95% CI 0.94-1.05) also shows no risk to the exposed. 
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Figure 5: Forest plot of intensity (hours/week) of shift work and any cardiovascular event 
 
5.3.3 Hypothesis C: The cumulative dose integrating changes in shift schedule and 
duration is associated to cardiovascular events.  
In figure 6, we had RR 0.68 (95% CI 0.53-0.87) in shift worker exposed to changes in shift 
schedule over a period of less than 10 years indicating a risk. 
 
Figure 6: Forest plot of changes in shift and duration and any cardiovascular event 
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5.3.4 Hypothesis D: Dose of exposure to changes in shift work schedule is associated 
to cardiovascular event 
In figure 7, we had RR 1.24 (95% CI 1.21-1.27) in shift worker exposed to rotating shift 
indicating risk. In permanent shift workers RR was 1.08 (95% CI 0.98-1.26) indicating the 
possibility of a risk. 
 
Figure 7: Forest plot of changes in shift schedule and any cardiovascular event 
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5.3.5 Hypothesis E: Dose of exposure of non-shift worker or day worker transiting 
into shift work schedule is associated to cardiovascular event 
In figure 8, we had RR 1.07 (95% CI 0.87-1.32) in day worker transiting to shift work. 
This shows no risk to transition. 
 
Figure 8: Forest plot of shift transition and any cardiovascular event 
 
5.3.6 Hypothesis F: The cumulative dose of integrating duration and intensity of 
exposure to shift work is associated to cardiovascular events. 
None of the articles met the criteria for inclusion in this hypothesis. 
 
5.3.7 Hypothesis G: The cumulative dose integrating changes in shift schedule, 
duration and intensity is associated to cardiovascular event.  
None of the articles met the criteria for inclusion in this hypothesis. 
 
5.3.8 Hypothesis H: The cumulative dose integrating changes in shift schedule, 
duration and transition is associated to cardiovascular event.  
In figure 9, we had RR 1.02 (95% CI 0.79-1.31) in day worker transiting to shift work for a 
period of less than 10 years. This shows no risk to the transiting day worker. Overall RR 
1.03 (95% CI 0.85-1.26) for exposed worker shows no risk. 
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Figure 9: Forest plot of shift changes, duration and transition and any cardiovascular event 
 
5.3.9 Hypothesis I: The dose of exposure of shift work is associated to stroke. 
In figure 10, we had RR 1.00 (95% CI 0.9-1.14) in shift worker exposed for less than 10 
years which shows the possibility of a risk. 10-20 years of exposure RR 1.16 (95% CI 
0.97-1.38) shows a possible risk to stroke. The overall result RR 1.06 (95% CI 0.97-1.14) 
shows possible risk. 
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Figure 10: Forest plot of year of shift work and stroke 
 
5.3.10  Hypothesis J: The dose of exposure to shift work is associated to coronary 
heart disease, ischemic heart disease, myocardial infarction and mortality. 
In figure 11, we had RR 1.40 (95% CI 1.04-1.26) in shift worker exposed for less than 10 
years which shows that there is risk of CHD, IHD, MI or mortality to the shift worker. 10-
20 years of exposure RR 1.24 (95% CI 1.07-1.48) shows risk to CHD, IHD, MI or 
mortality.  The overall RR 1.16 (95% CI 1.08-1.26) for total exposures shows risk for 
CHD, IHD, MI and mortality. 
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Figure 11: Forest plot of years of shift work and coronary heart disease, ischemic heart 
disease, myocardial infarction and mortality 
 
5.3.11 Hypothesis K: The dose of exposure to shift work is associated to 
cardiovascular disease, cerebrovascular disease and mortality. 
 
In figure 12, we had RR 1.03 (95% CI 0.95-1.13) in shift worker exposed for less than 10 
years which shows possible risk to CVD. The overall result RR 1.05 (95% CI 0.96-1.14) 
shows possible risk. 
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Figure 12: Forest plot of years of shift work and cerebrovascular disease, cardiovascular 
disease and mortality 
 
5.3.12 Hypothesis L: The dose of exposure to shift work is associated to all-cause 
mortality. 
 
In figure 13, we had overall RR 0.99 (95% CI 0.91-1.07) in shift worker exposed to shift 
work indicating no risk to mortality. All categorized years of exposure to shift work shows 
no risk either. 
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Figure 13: Forest plot of year of shift work and all-cause mortality 
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6 DISCUSSION  
6.1 Discussion of findings 
We found that the exposure to shift work for a specific duration poses a risk of 
cardiovascular event on the shift worker. The risk noticed started in the less than 10 years 
of exposure categories. It was at its peak in 10-20 years of exposure (RR 1.22 (95% CI 
1.08-1.37)). We found that rotating shift RR 1.24 (95% CI 1.21-1.27) is a risk and possibly 
permanent night shift RR 1.08 (95% CI 0.98-1.26) is a risk factor to cardiovascular event. 
We also found that as the intensity (hour/week) of exposure to shift work increases it poses 
a risk to cardiovascular event. We found that shift work is not a risk to transiting day 
worker into shift work. We found that shift work is not a risk factor to all-cause mortality. 
We found that changes in shift schedule and duration of exposure is not a risk factor to 
cardiovascular event. We found that changes in shift schedule, duration and transition are 
not a risk factor to cardiovascular event. 
We found an association of the duration of exposure to shift work as a risk to 
cardiovascular events. The classification of the exposed into various shift schedules like 
rotating and permanent night shift indicated risk to cardiovascular event. This was lacking 
when compared with the original article. We found that shift work is not a risk to all-cause 
mortality as other studies found. When the intensity of working hour/week increases there 
is a risk of cardiovascular event; this study adds more evidence of the risk of lengthy or 
prolong hours of shift work to cardiovascular event as previous studies found. 
 
6.2 Strength and limitations of study 
The exposure of participants was well defined. The hypotheses formulated gave a clearer 
relationship of the risk to the exposed participants. The exposed participants were well 
categorized, validated methodological use of meta-analysis and adjustments of 
confounding factors were well addressed. We were able to compare the various duration in 
years of exposure to cardiovascular events as outcome in the exposed participants.  
We found very few categories with no or little data available for example in all-cause 
mortality and changes in shift schedule and duration. 
39 
 
 
6.3 Implication to practice 
Shift work association to cardiovascular events is linked to various changes in both 
behavioral and lifestyle due to attitude changes for adaptation to the shift work. Arguably, 
the presiding effects on the circadian rhythm of the circulatory system, sleep disturbances 
and abnormal sleeping time could be the risk factors to effect of shift work but also the 
adaptation model of the individual to alleviate the causal effect of the shift work. With the 
increased need of shift work due to increased need in industrialization and modernization 
to provide a 24 hour cover, it is advisable that employee should be provided suitable 
working environment, frequent day off including the most strenuous days of work to allow 
recuperation and modification of the body circadian rhythm and to avoid lengthy or 
prolong hours of shift work per week. This could serve as a mode of adaptation 
modification. It is important to note that studies on shift work effect cannot be adequately 
monitored for one or two years been that the age of repercussion and duration of shift work 
activity is of optimal importance. This could be seen in age range of 62 and 82 years 
(Knutsson 2003). It is arguable that sleep disturbance is a causal to cardiovascular event 
but rightly stated should be shift work. This is because there would not be a disturbance in 
sleep if there were no shift work or diurnal activity that could take away the sleep. During 
the activity the body undergoes various metabolisms, dietary and strenuous events as the 
work desired.  
 
6.4 Implication of research 
Shift workers should not be on permanent night/evening shift or rotating shift. It would be 
important that day off be mandatory and regular as shift work pose risk to cardiovascular 
event.  
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7 CONCLUSION 
The duration of shift work is a risk factor to cardiovascular events. As intensity in 
hour/week of exposure to shift work increases it poses a risk to cardiovascular event. The 
transiting of a day worker to shift work is not posing a risk to cardiovascular event. 
Rotating shift is a risk to cardiovascular event. Permanent night shift is a possible risk to 
cardiovascular event.  
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9 APPENDICES 
APPENDICE 1: DESCRIPTION OF INCLUDED STUDIES 
9.1 Prospective Studies showing relationship between cardiovascular disease and 
shift work  
In Sweden, Akerstedt 2004 investigated the relationship between shift work and mortality. 
A simple random sample of the entire population in Sweden from annual statistics was 
used for both exposed and unexposed population. Exposed 3436 and unexposed (those 
who had never done rotating shift) 18975. Face to face interviews was conducted for both 
samples. The age range was 25-64 male and female. The male, blue collar hazard ratio and 
95% confidence interval were - 0.86(0.68-1-01), female, blue collar - 0.72(0.45-1.41), 
Male, white collar - 0.95(0.58-1.56), Female, white collar - 1.91(0.94- 3.88). In Finland, 
Virtanen 2002 investigated the socioeconomic inequalities in cardiovascular mortality and 
role of work. Data’s from longitudinal census file which included census since 1970(every 
5 years) was collected. A sample size of 507000 was analyzed. The age range was 25 – 64 
years male from all work of duties.  Control group were those who had never done rotating 
shift work. Work exposure information was from Finnish job exposure matrix (FINJEM) 
developed at the Finnish Institute of Occupational Health All cardiovascular disease in two 
shift, evening 1.02(0.96-1.08), three shift, night 1.02(0.94-1.10), Cerebrovascular diseases 
in two shift, evening 1.19(1.01-1.39), three shift, night 1.06(0.86-1.31). In Japan, Fujino 
2006 evaluated the relationship between shift work and risk of ischemic heart disease in 
Japanese male workers. Participants were men 40-59 years of age and working as full time 
employees or who were self-employed from 45 areas throughout Japan between 1988 and 
1990. Exposed 2875and Unexposed (those who had never done rotating night shift) 14 
774. The source of work information was from questionnaire. For fixed night work risk 
ratio and 95% confidence interval - death 1.13(0.90-1.42), Ischemia - 1.28 (0.51-3.17), 
cerebrovascular - 1.00 (0.47-2.15). While rotating shift work- death 1.00 (0.84 -1.19), 
Ischemia - 2.27 (1.34-3.84), cerebrovascular - 1.17 (0.69-1.97). 
In US, Brown 2009 evaluated the relationship between rotating night shift and risk of 
ischemic stroke. Population sample were female registered nurses 30–55 years of age and 
living in 11 large U.S. states were enrolled in the Nurses’ Health Study. Exposed 48065 
and Unexposed (those who had never done rotating night shift) 32043. The source of work 
information was from questionnaire. The result, risk ratio and 95% CI for each year were 
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1-2 years 0.96(0.82-1.13), 3-5 years 0.96(0.81-1.14), 6-9 years 1.09(0.87-1.36), 10-14 
years 0.94(0.71-1.24), 15-19 years 1.42(1.07-1.89), 20-29 years 1.13(0.82-1.55), ≥ 30 
years 1.11(0.78-1.57). In Sweden, Karlsson 2005 investigated relationship between shift 
work and the mortality due to CHD, Stroke and Diabetes. Participants were historical 
cohort of male and female paper and pulp manufacturing workers. Exposed 2354 and 
unexposed (day shift) 3088. The source of work information was from companies register. 
The result, risk ratio and 95% CI were for total mortality - 1.02(0.93-1.11), coronary heart 
disease - 1.11(0.95- 1.30), ischemic stroke - 1.56(0.98- 2.51). In Sweden, Knutsson 1986 
evaluated the relationship between shift work and risk of ischemic heart disease in 
Japanese male workers. Population sample male blue collar workers permanently 
employed at a large paper and pulp manufacturing plant in 1968. Exposed 394 and 
Unexposed (those who had never worked rotating night shift) 110. The source of 
information was by interview. The risk ratios for each year of exposure were: 0 years (1), 
2-5 years (1.5), 6-10 years (2.0), 11-15 years (2.2), 16-20 years (2.8), and 20 years-over 
(0.4). 
In Denmark, Tuchsen 2006 estimated relative risk of hospital treatment due to circulatory 
diseases among non- day workers compared to day workers. A random sample from 
central registration population of Denmark was done to select the participants which were 
male and female. Exposed 938 and Unexposed (those who had never done rotating shift) 
4579. The age range was 20 -59 years. Source of work information was by ace to face 
interview. The risk ratio and 95% confidence interval were 1.31(1.06-1.63). In Finland, 
Virkkunen 2006 investigated the relationship between shift work, occupational noise, and 
workload and risk of coronary heart disease (CHD). The population sample was from 
Helsinki heart study via two government agencies and five industrial companies. The 
sample population were 1804 male which 617 were exposed compared to Unexposed 47 
white collar day workers of age range 40-55 years and source of work information was by 
questionnaire. The risk ratio and confidence interval for the follow up years were 1-4 years 
1.49(1.02-2.17), 5-9 years 1.33(1.01-1.74), 10-14 years 1.30(1.04-1.61). In Denmark, 
Tuchsen 1993 investigated the relationship of working hours and ischemic heart disease. 
The sampled population were male of 20-59 years gotten from Occupational 
Hospitalization register which links population census in Denmark to National inpatient 
register. Exposed 1070 and unexposed (day worker) 1901. The SMR and 90% confidence 
interval were Night/early morning work -157(114.1-214.9), late evening work - 140(111.5-
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176.0), roster covering 24 hours - SMR-149(121.4-182.6) and irregular working hours - 
122(116.7-127.7). 
In Nord Trøndelag County in Norway, Laugsand 2011 examined the risk of myocardial 
infarction due to insomnia. Source of shift work population was 7673  AMI cases from 1st 
and incident cases was 11.4 years of follow-up, either identified at hospitals or by the 
National Cause of Death Registry. Exposed (cases) 3424(2847+433+144) and Unexposed 
(control) population 4249. Sample population were made of male and female. Source of 
work information is questionnaire. The odds ratio (OR) 1.24 and risk ratio (RR) 1.37. 
In Denmark, Allesoe 2009 investigated the effect of work pressure and job influence on the 
development of ischemic heart in women. Source of participants were Danish nurses aged 
45 years and over and members of the Danish Nurses’ Association. Sample population 
were 12 116 made up of Females. Source of work information was by questionnaire. The 
hazard ratio and 95% confidence interval for night 1.19(0.86- 1.63) and rotating 0.81(0.63- 
1.04). 
9.2 Retrospective Studies showing relationship between cardiovascular disease 
and shift work  
The Study of health in Pomerania, Germany, Haupt 2008 investigated the relationship of 
working shifts to atherosclerosis and myocardial infarction (MI). A sample population 
aged 20 -70 years were selected at random using population registries from the general 
population. Both groups were comparable with respect to physical activity, serum 
cholesterol, hypertension, diabetes mellitus and diet. Exposed 698 and unexposed (never 
did shift and night work) 1812. The source of work information was by interview. The 
odds ratio for the years of exposure were 1-5 years 1.12, 5-10 years 1.55, 11-20 years 1.74 
and  >20 years 1.47. In US, Kawachi 1995 examined prospectively the relation of shift 
work to risk of coronary heart disease (CHD) in a cohort of women. The participants were 
female registered nurses 30-55 years old. Exposed 46959 and Unexposed (day worker) 
32153. Source of work information was by questionnaire. The risk ratios and 95% 
confidence interval for the years of exposure were 1- 2 years 1.25(0.91- 1.73), 3-5 years 
1.14(0.80- 1.61), 6- 9 years 1.6(1.05- 2.42), 10- 14 years 1.66(1.05- 2.64) and ≥15 years, 
1.33(0.89- 1.97).  
50 
 
 
In US, Ellingsen 2007 investigated the establish relationship between shift work and CHD. 
The sample population was a cohort of men and women from different Asian races 
working in a fertilizer plant in the Middle East. Exposed 648 and unexposed (never worked 
rotating night shift) 1914. The source of work information was medical records. The risk 
ratios and 95% confidence interval was in cardiovascular events 1.65(1.3-1.97), coronary 
heart disease (CHD) 1.62(1.2-2.18), HTN/ CVA 1.6(1.3-1.97). In Italy, Biggi 2008 
examined the relationship between metabolic syndrome and permanent night shift work. 
Italian workers employed in a large municipal enterprise in charge of street cleaning and 
domestic waste collection between 1976 and 2007. Exposed 331 and unexposed (never 
worked night shift) 157. The source of work information was through medical checkups. 
The risk ratio and 95% confidence interval was in CHD 2(0.4-9.4).  
In Iceland, Rafnson 1990 examined the mortality of fertilizer manufacturers in a cohort of 
men. Small sample size been compared to a general population. Exposed 211 and 
unexposed (general population) 392. The duration of exposure and SMR for incidence of 
Ischemic heart disease were ≥1 year 77, 2-5 years 272, 6-15 years 134, ≥16 years 92 and 
all 121. The death mortality for 15 years SMR (95%CI) were cerebrovascular heart disease 
- 71(23-165) and ischemic heart disease - 103(69-148). In Great Britain, Taylor & Pocock 
2004 (re-analyzed by Knutsson, et al) re-examined the mortality of shift and day workers 
1956- 1968. The sample population was male manual workers from 10 organizations in 
England and Wales (UK). Exposed 1578 compared to day workers. The risk ratio and 95% 
confidence interval for current shift workers was 35-44 years 0.98(0.38-2.40), 45-54 years 
1.47(1.12-1.93), 55-64 years 0.86(0.73-1.0), 65-74 years 1.13(0.96-1.34), 75+ years 
0.81(0.41-1.62), all 1.03(0.93-1.14). The risk ratio and 95% confidence interval was 
former shift workers- 34-44 years -(-), 45-54 years 1.50(0.83-2.69), 55-64 years 1.17(0.89-
1.57), 65-74 years 1.40(1.04-1.86), 75+ years 0.41(0.10-1.72), all 1.24(1.03-1.51). The risk 
ratio and 95% confidence interval was current/ former shift workers- 34-44yrs 0.85(0.34-
2.15), 45-54 years 1.47(1.13-1.92), 55-64 years 0.89(0.77-1.03), 65-74 years 1.17(1.00-
1.38), 75 years+ 0.71(0.37-1.37). 
In Sweden, Alfredsson 1985 investigated the relationship between type of occupation and 
hospitalization. Source of participants was National surveys between the years 1977 and 
1981. Sample population were 13 242 of age range 20-64. Sample population were male 
and female. Source of work information was by questionnaire. The standard mean ratio 
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(SMR) and 95% confidence interval were for Male 115 (104- 126) and female 152 (119- 
191). 
9.3 Case- control Studies showing relationship between cardiovascular disease and 
shift work 
In Sweden, Knutsson 1999 explored the relation between shiftwork, job strain, and 
myocardial infarction. Case- The   sources   were   (a)   the   coronary   and intensive  care  
units  at  the  internal  medicine departments  at  all  the  emergency  hospitals within the 
counties of Stockholm and Väster- norrland, (b) the hospital discharge register for the same 
counties, and (c) death certificates from the National Register of Causes of Death at  
Statistics  Sweden. Control- all Swedish citizens living in the counties of Stockholm and 
Västernorrland, respectively, who were 45-70 years of age (calendar years) and   free   of   
previous   clinically   diagnosed myocardial   infarction. Exposed (cases) 349 and 
unexposed (309). All sample population was male and female. The source of work 
information was Cases- hospital records, controls- resident registers. The odds ratio and 
95% confidence interval were shift work/day work male - 1.3 (1.1- 1.6), female - 1.3(0.9- 
1.8) and night work/day work male - 1.3 (0.9- 1.8), female - 1.6 (0.8-3.1). In Netherlands, 
Falger 1992 explored the relation between shift work and death from ischemic heart 
disease (IHD). Source of participants was cases of men who had been recently hospitalized 
with a documented first AMI. Exposed (cases) 133 and Unexposed (control) 325. Sample 
population were male and female. Source of work information was by questionnaire. The 
risk ratio and 95% confidence interval was AMI/NHC - 0.82(0.45- 1.49) and AMI/HP - 
1.59 (0.96- 2.64). 
In US, Steenland 1996 explored shift work, shift change and risk of death from Heart 
disease at work. Analysis limited by small number of sample. The sampled population was 
made of men whose data were from four heavy equipment plants in a mild steel company. 
Exposed 163 and unexposed (dayshift) 781.  The odds ratio and 95% confidence interval 
were change in shift <1 year - 2nd/3rd to 1st 0.5(0.20-1.28), 1st to 2nd/3rd 0.86(0.36-2.07), 
change in shift <3 years - 2nd/3rd to 1st 0.63(0.36-1.14), 1st to 2nd/3rd 1.13(0.62-2.07), 
change in shift <5 years - 2nd/3rd to 1st 0.72(0.44-1.15), 1st to 2nd/3rd 1.06(0.61-1.84), 
change in shift <10 years - 2nd/3rd to 1st 0.80(0.54-1.19) and 1st to 2nd/3rd 0.98(0.60-
1.60). In Japan, Fukuoka 2005 explored Japanese workers who experience an acute 
myocardial infarction believe their prolonged working hours is a cause? Source of 
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participants were exposed(cases)- Patients in  2002  at  three  hospitals located  in  Aichi  
and  at  two  hospitals  located  in  Tokyo. All patients who were admitted for a first or 
subsequent AMI and met all inclusion criteria were eligible for this study.  The  inclusion  
criteria  for  AMI  patients  were  (1) AMI  diagnosis,  (2)  mentally  alert,  (3)  hemo-
dynamically stable,  (4)  free  from  malignancy,  and  (5)  employed  full time. Unexposed 
(controls) were healthy  workers  undergoing  their annual  physical  examination  (age  
within  5  years  of  the AMI patients and gender-matched). Exposed 47 and unexposed 47. 
The sample population were male. The source of work information was by questionnaire. 
The risk ratio was 1.51 and p-value 0.74 for MI. 
In Austria, Koller 1983 estimated health risk related to shift work. The population sample 
were men data from Austrian oil refinery blue collar workers. Exposed 199 and unexposed 
(day worker) 68. The source of work information was from questionnaire and interview. 
The result for risk ratio and confidence interval was 5.17(0.30-89.43). In Japan, Liu & 
Tanaka 2002 examined the relation between working hours and hours of sleep and the risk 
of acute myocardial infarction. Source of participants were exposed (cases) patients aged 
40–79 who were admitted to 22 collaborating hospitals for a first AMI occurring during the 
period from September 1996 to September 1998 who survived to receive rehabilitation and 
who were within a month after the onset of AMI. Unexposed (control) were at most two 
controls for each case, matched by sex, age (within 2 years), and residence, were recruited 
from the resident registers, which list residents in order of house numbers. At most two 
controls for each case, matched by sex, age (within 2 years), and residence, were recruited 
from the resident registers, which list residents in order of house numbers. Exposed (cases) 
260 and unexposed (control) 445. Source of work information was by questionnaire. The 
risk ratio for <40 of age was 0.81, 41- 60 was 1.27 and ≥ 61 was 1.06. 
In Germany, Babisch 2005 evaluated the association between traffic noise and myocardial 
infarction. Source of participants was 32 major hospitals based in Berlin. Exposed (cases) 
1881 and unexposed 2234. Sample population were male and female of age range 20-69. 
Source of work information was by interviews. The odds ratio and 95% confidence interval 
were male 1.05 (0.87- 1.27) and female 1.08 (0.71- 1.65).In Denmark, Netterstrom 1999 
examined the relationship between working hour and hours of sleep and risk of acute MI. 
Source of participants were exposed (cases) wage earners admitted to department of 
cardiology Herley University hospital. Exposed (cases) 76 and unexposed (control) 176. 
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Sample population were male. Source of work information was by questionnaire based 
interview. The odds ratio1.14 and p-value was 0.33. 
9.4 Prospective Studies showing no relationship between cardiovascular disease 
and shift work 
In United Kingdom, Taylor 1972 examined absenteeism of shift and day workers. The 
sample population was male manual workers from 29 organizations in UK. Exposed 965 
and unexposed (day worker) numbered unmentioned. The source of work information was 
from personnel and medical records. The ratio results were for the 3 shift discontinuous - 
0.92, 3 shifts continuous (traditional) - 0.87, 3 shift continuous (rapid rotation) - 0.85, 
permanent night - 0.86, alternate day and night - 1.08 and double days - 0.56. 
 In Japan, Turami 1997 investigated the effects of working conditions on mortality. The 
sample population was male of 19642 from Japanese steel industry. The shift workers were 
compared to day workers. The source of work information was through the company 
register. The odds ratio and 95% confidence interval for stroke and ischemic heart disease 
was (IHD) - 2.14(0.63-7.31).  
In Finland, Hublin 2010 explored shift-work and cardiovascular disease: a population-
based study. Population sample male and female was collected from Central population 
registry of Finland. The source of work information was by questionnaire. Exposed 2457 
and unexposed (day worker) 17 841. The hazard ratio and 95% confidence interval were; 
shift work in 1975 & 1981- men 1.07(0.88-1.30),  women 1.00(0.8-1.23), Daytime work in 
1975 shift work in 1981- men 1.04(0.81-1.33), women - 1.15(0.89-1.47), shift work in 
1975, Daytime work in 1981- men 0.93(0.71-1.21), women - 0.97(0.76-1.23). 
9.5 Case- control Studies showing no relationship between cardiovascular disease 
and shift work 
In UK, Yadgarfar 2008 explored shift work, confounding and death from Ischemic heart 
disease. The sampled population was men of age range 27-75 years that were from 
industrial workers & UK office of national statistics on death certificate 1950-1998. 
Exposed 354 and unexposed (day worker) 340. The source work information was through 
personnel records. The odds ratio and 90% confidence interval were 0.1-0.9 years 
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1.46(0.88-2.40), 1.0-4.9 years 0.81(0.60-1.09), 5.0-9.9 years 1.13(0.77-1.65) and ≥10 years 
1.29(0.94-0.77). 
In Sweden, Harmansson 2007 explored the relation between shift work and death from 
ischemic heart disease (IHD). The population sample was gotten from two populations 
based health surveys, the northern Sweden monitoring of trends and determinants in 
cardiovascular disease (MONICA) study and Vasterbotten intervention program (VIP) 
which was made up of men and women. Exposed (cases) 138 and unexposed (controlled- 
never worked rotating night shift) 469. The source of work information was through a 
questionnaire. The odds ratio and 95%confidence interval was men 1.2(0.6-2.3) and 
women 1(0.6-2).  
In UK, McNamee 2006 explored the relation between shift work and death from ischemic 
heart disease (IHD). The sampled population was made up of all men who were industrial 
workers between 1 January 1950 and 31 December 1992 at a factory producing nuclear 
fuel elements and who died during the same period aged 75 years or under with ischemic 
heart disease. Exposed (cases) 467 and unexposed (controlled- non shift worker) 467. The 
source of work information was from personnel records, records of the dosimetry 
department and occupational health department records. The odds ratio and 90% 
confidence interval were 0.1-1.9 year 0.95(0.67-135), 2.0-4.9 years 0.95(0.61-1.57), 5.0-
9.9 years 0.89(0.55-1.45) and ≥10.0 years 0.76(0.50-1.17).     
9.6 Retrospective Studies showing indifference to relationship between 
cardiovascular disease and shift work 
In Italy, Boggild 1999 explored shift work as a risk factor for IHD after controlling for 
social class. Sample population was from 14 companies in Copenhagen, all men between 
40-59 years of age. Exposed 1123 and unexposed (day workers) 4084. Source of work 
information was medical checkup. The risk ratio and 95% confidence interval were IHD 
0.9(0.7 - 1.1) and ACM 0.9(0.8 - 1.1). 
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9.7 Hypothesis of included studies 
Table 1: Summary of hypotheses of included articles 
Author Study ID Sample 
size 
Hypotheses of 
the reviewed 
articles  
Forms of data 
collection 
Outcome 
Haupt 2008 Cohort 
retrospective 
2510 Working shifts 
is related to 
atherosclerosis 
and myocardial 
infarction 
Random 
selection using 
population 
registries from 
the general 
population. 
shift work a 
risk to MI 
Netterstrom 
1999 
Nested Case 
control  
252 Job strain is 
related to 
myocardial 
infarction 
Admitted 
Hospital cases & 
National institute 
of occupation 
and health and 
institute of social 
research survey 
job strain is a 
risk to 
myocardial 
infarction 
Kawachi 1995 Cohort 
retrospective 
79 109 shift work (6 or 
more) a risk to 
coronary heart 
disease in 
women 
Female 
registered nurses 
shift work a 
risk to CHD 
Babisch 2005 Nested Case 
control  
4115  Chronic 
exposure to high 
level of traffic 
noise increases 
risk of 
cardiovascular 
disease  
32 major 
hospitals 
High level 
Traffic noise is 
associated to 
risk  of 
cardiovascular 
disease 
Liu & Tanaka 
2002 
Nested Case 
control  
705 Overtime work 
and insufficient 
sleep a risk to 
acute 
myocardial 
infarction 
22 major 
hospitals 
over time 
work a risk to 
acute 
myocardial 
infarction 
Alfredsson 
1985 
Cohort 
retrospective 
13 242  Type of 
occupation is 
related to rate of 
hospitalization  
Sweden National 
surveys 1977-
1981 
type of 
occupation is a 
risk factor to 
hospitalization 
Fukuoka 2005 Nested Case 
control  
94 Prolong working 
hours a cause to 
acute 
myocardial 
infarction 
Five Hospitals 
admitted 
registries.  
prolong 
working hours 
a risk to acute 
myocardial 
infarction 
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Falger 1992 Cohort 
retrospective 
458 exhaustion, 
psychological 
stress in work 
environment a 
cause to acute 
myocardial 
infarction in 
men 
Hospital 
registries  
psychological 
work stress a 
risk to 
myocardial 
infarction in 
men 
Knutsson 
1999 
Nested Case 
control  
4648 shift work a 
cause of 
increased risk of 
ischemic heart 
disease 
Hospital 
emergency 
discharge 
registries & 
death certificates 
from the 
National 
Register of 
Causes of Death 
at Statistics 
Sweden. 
showed shift 
work as a risk 
factor both in 
men and 
women 
Laugsand 
2011 
Prospective 
cohort study 
52 610 to examine the 
risk of 
myocardial 
infarction due to 
insomnia 
Hospitals or by 
the National 
Cause of Death 
Registry 
insomnia a 
risk to 
myocardial 
infarction 
Akerstedt 
2004    
Cohort study 
(prospective)  
22 411 To investigate 
relationship 
between shift 
work and 
mortality. 
Random 
selection using 
population 
registries from 
the general 
population. 
showed 
increased risk 
with white 
collar women 
in shift work 
Yoshihisa 
Fujino 2006 
Cohort 
(prospective) 
study  
17 649 Evaluate the 
relationship 
between shift 
work and risk of 
ischemic heart 
disease in 
Japanese male 
workers. 
45 areas of Japan 
from 1988-1990 
Rotating shift 
work a risk to 
ISD 
Allesoe et al. 
2009     
Cohort 
(prospective) 
study  
12 116 To investigate 
the effect of 
work pressure 
and job 
influence on the 
development of 
ischemic heart 
disease in 
women 
Members of the 
Danish nursing 
association 
work pressure 
is associated to 
Ischemic heart 
disease 
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Brown et al. 
2009 
Cohort 
(prospective) 
study  
80 108 To establish 
relation between 
rotating night 
shift and risk of 
ischemic stroke. 
Female 
registered nurses 
showed 4% 
increased risk 
in women for 
every 5yrs 
with 15yrs or 
more in 
rotating shift 
work  
Boggild 1999 Cohort 
(retrospective) 
study  
5207 To explore shift 
work as a risk 
factor for IHD 
after controlling 
for social class. 
From 14 
companies in 
Copenhagen 
Questioned 
shift work as 
independent 
factor 
Ellingsen et 
al. 2007     
Cohort 
(retrospective) 
study  
5262 To establish 
relationship 
between shift 
work and CHD. 
Asian workers in 
a fertilizer plant 
shift work a 
risk factor 
Biggi 2008 Cohort 
(retrospective) 
study  
488 To establish 
relationship 
between 
metabolic 
syndrome and 
permanent night 
shift work. 
A large 
municipal 
enterprise 
workers from 
1976-2007 
showed 
evidence of 
night work 
risk 
Hermansson 
2007 
Nested case-
control study 
607 To find out the 
relation between 
shift work and 
death from 
ischemic heart 
disease 
(IHD).     
Population based 
health survey 
no evidence of 
risk to shift 
workers 
compared to 
day workers 
Karlsson 2005    Cohort 
(prospective) 
study  
5442 To investigate 
relationship 
between shift 
work and the 
mortality due to 
CHD, Stroke 
and Diabetes. 
Male paper and 
pulp 
manufacturing 
workers. 
showed 
evidence of 
increased risk 
of shift 
workers to 
long duration 
of exposure 
Knutsson 
1986     
Cohort 
(prospective) 
study  
528 Evaluate the 
relationship 
between shift 
work and risk of 
ischemic heart 
disease in 
Japanese male 
workers. 
Male blue collar 
workers 
permanently 
employed at a 
large paper and 
pulp 
manufacturing 
plant in 1968 
shift work risk 
to ISD with 
increased 
duration of 
exposure 
below 20yrs of 
shift work 
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McNamee 
1996     
Nested case-
control 
934  To find out the 
relation between 
shift work and 
death from 
ischemic heart 
disease 
(IHD).     
A factory 
Industrial 
workers 
producing 
nuclear fuel from 
1950-1992 
shift work not 
a risk to ISH 
Tuchsen 2006       Cohort 
(prospective) 
study 
5517 To estimate 
relative risk of 
hospital 
treatment due to 
circulatory 
diseases among 
non-day workers 
compared to day 
workers. 
Random 
selection using 
population 
registries from 
the general 
population. 
showed 
evidence of 
risk due to 
shift work 
Taylor 1972 Cohort 
(prospective 
study) 
965 To examine 
absenteeism of 
shift and day 
workers 
Manual workers 
from 29 
(manufacturing 
and service 
industries) 
organizations in 
England and 
Wales 
no evidence of 
shift work as a 
risk 
Steenland 
1996 
Nested  case 
control study 
944 Shift work, shift 
change and risk 
of death from 
Heart disease at 
work 
Male workers at 
4 heavy 
equipment 
factory plants 
little evidence 
of shift work 
Turami 1997  Cohort 
(prospective) 
study  
19 642 To investigate 
the effects of 
working 
conditions on 
mortality 
Male employees 
in Japanese steel 
industry 
shift work not 
associated 
with mortality 
Virtanen 2002 Cohort 
(prospective) 
study  
385 500 Socioeconomic 
inequalities in 
cardiovascular 
mortality and 
role of work 
Data from 
longitudinal 
census file since 
1970(every 5yrs) 
shift work a 
risk factor to 
mortality 
Virkkunen 
2006 
Cohort 
(prospective) 
study  
1804 Shift work, 
occupational 
noise, and 
workload and 
risk of coronary 
heart 
disease(CHD) 
2 government 
agencies & 5 
industrial 
company 
(Helsinki Heart 
Study) 
shift work 
entails excess 
risk 
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Koller 1983 Nested case 
control study 
301 Health risk 
related to shift 
work 
Austrian oil 
refinery 
shift work not 
an increased 
risk to health 
Hublin 2010 Cohort 
(prospective 
study) 
20 142 Shift-work and 
cardiovascular 
disease: a 
population-
based study 
Central 
population 
registry of 
Finland 
No association 
of shift work 
to CVD 
Rafnson 1990 Cohort 
(retrospective 
study) 
603 Mortality study 
of fertilizer 
manufacturers 
Fertilizer 
manufacturing 
workers & 
Statistical 
Bureau of 
Iceland 
shift worker 
associated 
with increased 
stomach and 
lung cancer 
Yadgarfar 
2008 
Nested case 
control study 
1270 shift work, 
confounding and 
death from 
Ischemic heart 
disease 
Industrial 
workers & UK 
office of national 
statistics on 
death certificate 
1950-1998 
No excessive 
risk of IHD 
death found in 
shift workers. 
Tuchsen 1993 Cohort 
(prospective 
study) 
406 969 To examine 
Working hours 
and ischemic 
heart disease 
Central 
population 
registry of 
Denmark 
Night work 
rather than 
shifts is 
responsible for 
raised risk of 
IHD 
Taylor & 
Pocock 
(reanalyzed 
by Knutsson 
et al. 2004) 
Cohort 
(retrospective 
study) 
1578 To examine 
Mortality of 
shift and day 
workers  
male manual 
workers from 10 
organizations in 
England and 
Wales 
showed shift 
work is 
associated 
with mortality 
 
9.8 Data extracted from included studies 
Table 2: Studies indicating the duration of years spent on shift 
work 
Duration 
years 
Risk Ratio  
(OR) 
95%(CI) P value Study 
>10years 1.14   Pv 0.33 Netterstrom 
1999 
     
<10years Men 1.05 (0.87-1.27)       Babisch 2005 
 <10years 
Women 
1.08 (0.71-1.65)  
     
0.1-0.9yrs 1.12 (0.71-1.76)  Yadgarfar 2008 
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1.0-4.9yrs 0.78 (0.59-1.04)  
5.0-9.9yrs 1.21 (0.84-1.72)  
≥10.0yrs 1.28 (0.94-1.74)  
     
0 years  1.0   
Knutsson 1986     
2-5yrs  1.5   
6 -10yrs  2.0   
11-15yrs  2.2   
16- 20yrs  2.8   
21 - over  0.4   
     
 never                 1.0             
Brown 2009 
1- 2yrs               0.96 (0.82,1.13)        
3- 5yr                  0.96 (0.81,1.14)  
6- 9yr               1.09 (0.87,1.36)        
10- 14yr            0.94 (0.71,1.24)         
15- 19yr            1.42 (1.07,1.89)         
20- 29yr              1.13 (0.82, 1.55)      
≥ 30yr 1.11 (0.78,1.57)  
     
1- 2years           1.25 (0.91- 1.73)        
Kawachi 1995 
3- 5years           1.14 (0.80- 1.61)       
6- 9years         1.6 (1.05- 2.42)       
10- 14years  1.66 (1.05- 2.64)        
≥15years 1.33 (0.89- 1.97)  
     
1- 5years            (OR)     
1.12 
  
Haupt 2008 6- 10years       1.55   
11- 20years       1.74   
> 20years 1.47   
     
0.1-1.9yr               0.95 (0.67-135)        
 McNamee 
1996     
2.0-4.9yr                   0.95 (0.61-1.57)      
5.0-9.9yr              0.89 (0.55-1.45)        
≥10.0yr  0.76 (0.50-1.17)  
     
10.1(1-26) 2.0 (0.4-9.4)  Biggi 2008 
     
    
 
9.5yrs (current 
shift workers) 
35-44yrs 
0.98 
(0.38-2.40)  
Taylor & 
Pocock 2004 
(reanalyzed by 
Knutsson) 
45-54yrs 
1.47 
(1.12-1.93)  
55-64yrs 
0.86 
(0.73-1.0)  
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65-74yrs 
1.13 
(0.96-1.34)  
75+yrs 0.81 (0.41-1.62)  
all 1.03 (0.93-1.14)  
     
9.5yrs (former 
shift workers) 
former shift 
workers 
  
Taylor & 
Pocock 2004 
(reanalyzed by 
Knutsson) 
 34-44yrs -(-
) 
  
 45-54yrs 
1.50 
(0.83-2.69)  
 55-64yrs 
1.17 
(0.89-1.57)   
 65-74yrs 
1.40 
(1.04-1.86)  
 75+yrs 0.41 (0.10-1.72)  
 all 1.24 (1.03-1.51)  
 
 
   
9.5yrs 
(current/former 
shift workers) 
current/ 
formershift 
worker 
  
Taylor & 
Pocock 2004 
(reanalyzed by 
Knutsson) 
 34-44yrs 
0.85 
(0.34-2.15)  
 45-54yrs 
1.47 
(1.13-1.92)  
 55-64yrs 
0.89 
(0.77-1.03)  
 65-74yrs 
1.17 
(1.00-1.38)  
 75yrs+ 0.71 (0.37-1.37)  
    
 
≥1yr  (SMR) - 77,  
Rafnson 1993 
2-5yrs  (SMR) - 272   
6-15yrs  (SMR) - 134  
≥16yrs  (SMR) - 92  
     
<1 yr 0.50 (0.20-1.28)  
Steenland 1996 
>1-≤2yrs 0.46 (0.22-0.98)  
>2-≤3yrs 0.63 (0.36-1.14)  
>3-≤5yrs 0.73 (0.44-1.15)  
>5-≥10yrs 0.80 (0.54-1.19)  
 
    
1-4yrs 1.49 (1.02-2.17)  
Virkunen 2006 
5-8yrs 1.33 (1.01-1.74)  
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>9yrs 1.30 (1.04-1.61)  
     
5yrs (2 shift) 
1.19 (1.01-1.39) 
 Virtanen 2002 
 (3 shift) 
1.06 (0.86-1.31) 
 
     
<5yrs CHD(coro) 
- 0.85 
(0.30-2.38)  Karlsson 2005 
≥5-<10yrs (std. rel. 
ratio) 
(0.56-1.67)  
≥10-<20yrs 0.83 (0.58-1.19)  
≥20-<30yrs 1.02 (0.77-1.36)  
≥30yrs 1.24 (1.04-1.49)  
     
<5yrs Ischemic 
stroke - 
4.57 
(1.57-13.21)  Karlsson 2005 
≥5-<10yrs 0.54 (0.07-3.97)  
≥10-<20yrs 1.76 (0.68-4.57)  
≥20-<30yrs 1.08 (0.42-2.78)  
≥30yrs 1.51 (0.86-2.63)  
 
 
 
Table 3: Studies indicating intensity of shift work 
Intensity hours  Odds Ratio  95%(CI) Study 
≤40hrs 1.0 referent Liu & Tanaka 
2002 41-60hrs 1.2 (0.8-1.9) 
≥61hrs 1.9 (1.1-3.5) 
    
 >37 hrs   1.14 Pv 0.33 Netterstrom 
1999 
    
>34hr/wk (HR) Male, blue 
collar - 1.04 
(0.82-1.33) 
Akerstedt 
2004 
 Female, blue 
collar - 0.79 
(0.50-1.26) 
 Male, White 
collar - 1.23 
(0.75-2.03) 
 Female, White 
collar - 2.61 
(1.26-5.41) 
    
Prolonged 
overtime 
AMI/NHC 
1.13 
(0.63-2.01) Falger 1992 
63 
 
 
AMI/HPC 1.94 (1.21-3.12) 
    
Lenghty working 
hours 
SMR (Men) 82 75-89 Alfredsson 
1985 
SMR (Women) 
131 
105-162 
    
> 5hrs/wk    
>10hr/wk    
>40hrs/wk   
1.11       Men            
-                   
1.14  
(0.97-1.35)            
-                    
(0.89-1.27)  
Babisch 2005 
> 5hrs/wk    
>10hr/wk    
>40hrs/wk   
1.23    Women 
1.0(OR)         
1.02 
(0.81- 1.85)            
-                       
(0.71-1.46) 
 
 
  
≥ 55 hrs/wk 0.87 (0.24-3.26) Fukuoka 2005 
    
 
 
  
1 (no shift work 
periods) 
0.88 90% CI 
(0.64-1.20) 
McNamee 
1996 
2 0.79 (0.52-1.21) 
≥3 1.61 (0.91-2.86) 
 
 
 
Table 4: Studies indicating changes during shift work 
Change in shift  Risk Ratio  SMR 95%(CI) Hazard 
ratio 
Study 
Irregular working 
hours   
Male- 115 (104-126)  
Alfredsson 1985 
 
 
Female- 152  (119-191)  
 
 
    
Night work, MI  1.51  
 
 
Fukuoka 2005 
 
 
 
 
 
 
Rotating shift (OR) 0.25  
 
 
Koller 1983 
 
 
 
 
 
 
Prolonged/irregular 
working 
hours/shift work 
AMI/NHC - 
0.82;  
 (0.45-1.49) 
 Falger 1992 
 AMI/HP - 1.59   (0.96-2.64) 
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Rotating night 
shift, evening and 
day shift. A 4yrs 
follow up. RR, CI 
1.38  (1.08-1.76) 
 
Kawachi 1995 
 
 
 
  
 
Rotating and fixed 
shift work 
shift work /day 
work - (OR) 
Male - 1.3 
   (1.1-1.6) 
 
Knuttson 1999 
 Female- 1.3   ( 0.9-1.8) 
  night work/day 
work - Male - 
1.3  
 
(0.9-1.8) 
  Female - 1.6  (0.8-3.1) 
  
 
 
  
 
Rotating shift work 
 
 (0.82-1.33) Male, blue 
collar - 1.04 
Akerstedt 2004    
 
 
 (0.50-1.26) Female, 
blue collar - 
0.79 
 
 
 (0.75-2.03) Male, White 
collar - 1.23 
 
 
 (1.26-5.41) Female, 
White collar 
- 2.61 
 
 
 
   Rotating and fixed 
night work 
fixed night work 
- death - 1.13 ,  
 
(0.90-1.42) 
 
Yoshihisa fujino 
2006 
 Ischemia - 1.28   (0.51-3.17) 
  cerebrovascular - 
1.00  
 
(0.47-2.15) 
  Rotating shift 
work- death 1.00  
 
(0.84-1.19) 
  Ischemia - 2.27  (1.34-3.84) 
  cerebrovascular- 
1.17 
 
 (0.69-1.97) 
  
 
 
   Rotating and fixed 
night shift 
 
 
(0.86-1.63) night - 1.19    Allesoe et al. 
2009      
 
 
(0.63-1.04) 
Rotating - 
0.81 
 
 
 
  
 
Fixed shift work Ischemic Heart 
Disease - 0.9 
 
(0.7-1.1) 
 
Boggild 1999 
 All- cause 
Mortality - 0.9   
 
(0.8-1.1) 
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rotating night shift 
work 
Cardiovascular 
events -1.65 
 
(1.3-1.97) 
 
Ellingsen et al. 
2007      CHD -1.62  (1.2-2.18) 
  HTN/ CVA - 1.6  (1.3-1.97) 
  
 
 
   Fixed shift work CHD - 2.0  (0.4-9.4) 
 
Biggi 2008 
 
 
 
   Rotating shift 
shift work v/s 
day work (OR) 
Men -  1.2 
 
(0.6-2.3) 
 
Hermansson 
2007 
 Women - 1.0  (0.6-2.0) 
  
 
 
   Rotating shift shift work - 1.31  (1.06-1.63) 
 
Tuchsen 2006       
 
 
 
   Rotating shift CHD Mortality  (0.75-1.50) Men - 1.06 
Hublin 2010 
 
 
 
(0.75-1.93) 
Women - 
1.21 
 CVD  (0.48-1.03) Men - 0.70 
 
 
 
(0.43-1.43) 
Women - 
0.79 
 
 
 
   
Rotating shift shift work (OR) 
stroke/ IHD - 
2.14 
 
(0.63-7.31) 
 
Turami  1997  
 
 
 
   Rotating shift coronary heart 
disease - 1.11 
 
(0.95-1.30) 
 
Karlsson 2005    
 ischemic stroke - 
1.56 
 
(0.98-2.51) 
  
 
 
   Irregular working 
hours 
Night/early 
morning work 
SMR-157 90% CI -  
(114.1-
214.9) 
 
Tuchsen 1993 
 late evening 
work 
SMR-140 90% CI -   
(111.5-
176.0) 
  
roster covering 
24hrs 
SMR-149 90% CI - 
(121.4-
182.6) 
  irregular 
working hours 
SMR-122 90% CI - 
(116.7-
127.7) 
  
 
 
  
 
Mixed rotating 
3 shift 
discontinuous - 
0.92 
 
  
Taylor 1972 
 3 shift 
continuous 
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(traditional) - 
0.87 
 3 shift 
continuous 
(rapid rotation) -
0.85 
 
   
 
 
  
 
Irregular working 
hours regular day - 1.0 
 
95% CI- 
 
Virtanen 2002 
 
two shift, 
evening - 1.19 
 
1.01-1.39 
  
three shift, night 
- 1.06 
 
0.86-1.31 
  
 
 
Table 5: Studies indicating changes during shift work 
Change in shift  Risk Ratio  SMR 95%(CI) Hazard 
ratio 
Study 
Irregular working 
hours   
Male- 115 (104-126)  
Alfredsson 1985 
 
 
Female- 152  (119-191)  
 
 
    
Night work, MI  1.51  
 
 
Fukuoka 2005 
 
 
 
 
 
 
Rotating shift (OR) 0.25  
 
 
Koller 1983 
 
 
 
 
 
 
Prolonged/irregular 
working 
hours/shift work 
AMI/NHC - 
0.82;  
 (0.45-1.49) 
 Falger 1992 
 AMI/HP - 1.59   (0.96-2.64) 
 
 
 
  
  
Rotating night 
shift, evening and 
day shift. A 4yrs 
follow up. RR, CI 
1.38  (1.08-1.76) 
 
Kawachi 1995 
 
 
 
  
 
Rotating and fixed 
shift work 
shift work /day 
work - (OR) 
Male - 1.3 
   (1.1-1.6) 
 
Knuttson 1999 
 Female- 1.3   ( 0.9-1.8) 
  night work/day 
work - Male - 
1.3  
 
(0.9-1.8) 
  Female - 1.6  (0.8-3.1) 
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Rotating shift work 
 
 (0.82-1.33) Male, blue 
collar - 
1.04 
Akerstedt 2004    
 
 
 (0.50-1.26) Female, 
blue collar 
- 0.79 
 
 
 (0.75-2.03) Male, 
White 
collar - 
1.23 
 
 
 (1.26-5.41) Female, 
White 
collar - 
2.61 
 
 
 
   Rotating and fixed 
night work 
fixed night work 
- death - 1.13 ,  
 
(0.90-1.42) 
 
Yoshihisa fujino 
2006 
 Ischemia - 1.28   (0.51-3.17) 
  cerebrovascular - 
1.00  
 
(0.47-2.15) 
  Rotating shift 
work- death 1.00  
 
(0.84-1.19) 
  Ischemia - 2.27  (1.34-3.84) 
  cerebrovascular- 
1.17 
 
 (0.69-1.97) 
  
 
 
   Rotating and fixed 
night shift 
 
 
(0.86-1.63) 
night - 
1.19    Allesoe et al. 
2009      
 
 
(0.63-1.04) 
Rotating - 
0.81 
 
 
 
   Fixed shift work Ischemic Heart 
Disease - 0.9 
 
(0.7-1.1) 
 
Boggild 1999 
 All-cause 
Mortality - 0.9   
 
(0.8-1.1) 
  
 
 
   rotating night shift 
work 
Cardiovascular 
events -1.65 
 
(1.3-1.97) 
 
Ellingsen et al. 
2007      CHD -1.62  (1.2-2.18) 
  HTN/ CVA - 1.6  (1.3-1.97) 
  
 
 
   Fixed shift work CHD - 2  (0.4-9.4) 
 
Biggi 2008 
 
 
 
   Rotating shift 
shift work v/s 
day work (OR) 
Men -  1.2 
 
(0.6-2.3) 
 
Hermansson 
2007 
 Women - 1.0  (0.6-2.0) 
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   Rotating shift shift work - 1.31  (1.06-1.63) 
 
Tuchsen 2006       
 
 
 
   Rotating shift shift work (OR) 
stroke/ IHD - 
2.14 
 
(0.63-7.31) 
 
Turami  1997  
 
 
 
   Rotating shift coronary heart 
disease - 1.11 
 
(0.95-1.30) 
 
Karlsson 2005    
 ischemic stroke - 
1.56 
 
(0.98-2.51) 
  
 
 
   Irregular working 
hours 
Night/early 
morning work 
SMR-157 90% CI -  
(114.1-
214.9) 
 
Tuchsen 1993 
 late evening 
work 
SMR-140 90% CI -   
(111.5-
176.0) 
  
roster covering 
24hrs 
SMR-149 90% CI - 
(121.4-
182.6) 
  irregular 
working hours 
SMR-122 90% CI - 
(116.7-
127.7) 
  
 
 
  
 
Mixed rotating 
3 shift 
discontinuous - 
0.92 
 
  
Taylor 1972 
 3 shift 
continuous 
(traditional) - 
0.87 
 
   3 shift 
continuous 
(rapid rotation) -
0.85 
 
   
 
 
  
 
Irregular working 
hours regular day - 1.0 
 
95% CI- 
 
Virtanen 2002 
 
two shift, 
evening - 1.19 
 
1.01-1.39 
  
three shift, night 
- 1.06 
 
0.86-1.31 
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Table 6: Studies showing transition of day worker to shift 
worker  
Transition Odds ratio 95%CI Study 
drop outs 0.17 
 
Koller 1983 
    
<1 yr 0.86 
(0.36-
2.07) 
Steenland 1996 
>1-≤2yrs 1.05 
(0.55-
2.01) 
>2-≤3yrs 1.13 
(0.61-
2.07) 
>3-≤5yrs 1.06 
(0.61-
1.84) 
>5-≥10yrs 0.98 
(0.60-
1.60) 
    day-night 1.00 (0.7-1.3) Biggi 2008 
    day-shift 
work CVD 
Men - 1.13 
(0.67-
1.90) 
Hublin 2010 
 
Women - 
1.32 
(0.72-
2.40) 
CHD 
Men - 0.79 
(0.44-
1.41) 
 
Women - 
1.52 
(0.82-
2.82) 
 
  
 ex-shift 
worker 
(shift-
day)yrs 
 
90%CI 
McNamee 1996 
0.1-4.9 2.89 
(0.74-
11.3) 
5.0-9.9 0.66 
(0.30-
1.42) 
10.0-19.9 1.15 
(0.75-
1.79) 
≥20.0 0.96 
(0.60-
1.53) 
 
 
 
 
 
 
